Abstract-Seatbelt and airbag are included in most of the vehicles as safety devices to reduce the severity of injury and costs of motor vehicle crashes. The aim of this paper is to study the effectiveness of these two restraints in the UAE based on comparing the observed injuries and fatalities for occupants. This will help identifying most life threating combinations and as such forming policies to reduce injury severity. Detailed crash data analysis was used to assess the seatbelt effectiveness with the two airbag conditions of deployed or not deployed. The seatbelt usage rate and severity of crashes are presented along with Abbreviated Injury Scale and Injury Severity Score for drivers. Chisquare test and odd ratio were used in analysis. The frequencies of severe to fatal injuries are highest in case of seatbelt is not used and airbag is deployed. This study contributed to the injury analysis of various body parts for the four combinations of seatbelt use and airbag deployment. The study concluded that the seatbelt use may result in lesser likelihood of head injuries in case of airbag deployment. It may also result in lesser likelihood of chest injuries whether the airbag is deployed or not.
I. INTRODUCTION
Seatbelts as an active and airbags as a passive safety devices are included in most of the vehicles in addition to the other safety devices such as antilock brakes, adaptive cruise control, etc. Seatbelts and airbags deployment for front-end crash [1] , are effective devices to reduce the severity of injury and the likelihood of fatality [2] - [18] . Also, they can be regarded as effective means to reduce the cost of motor vehicle crashes [19] - [22] . The effectiveness is commonly measured in literature as the percentage reduction in risk (or probability) of being injured and death with the device (compared to those without it) when involved in a crash [23] . 1 In effectiveness-related studies, and due to the limitations imposed by the lack of the accurate and comprehensive data, it is likely rare to include all factors of potential impact on effectiveness. As such, many studies were primarily based on hypotheses [8] , [9] , [15] with assumptions to overcome the insufficient availability of data. Effectiveness analysis took various forms such as the use of so-called "double-pair comparison" [24] - [28] and the use of "matched pair-cohort" [29] .
The use of the modern three-point seatbelt (without the airbag effect) was estimated to reduce the probabilities of fatality and injury by approximately 40-45% and 80%, respectively [5] , [8] . Airbags alone can reduce the risk of driver's fatality by 8-14% [6] , [7] , [30] , [13] . The combination of both seatbelt and airbag could provide much greater protection, as indicated by [7] , reducing the risk of death by 68%. Reference [1] indicated that such combination is 75% and 66% effective in preventing the serious injuries of head and chest, respectively. On the other hand, some studies have indicated that the excessive claims of seatbelt effectiveness may lead to overemphasizing seatbelt use and the negligence of other important aspects and needed policies [31] .
The seatbelt use rates influences the measure of seatbelt effectiveness [11] . As such, collecting such rates accurately is rather essential for effectiveness studies. The use of self-reporting seatbelt use by the survivors themselves may be biased [17] . Self-reporting tends to be less accurate with higher usage rate than actual [32] . Direct observation on the other hand, as method to measure the seatbelt use, is quite expensive and requires excessive resources. Actual crash data, although they may not be fully representative of the population, are best available options to carry on accurate effectiveness studies. Nonetheless, one has to careful with the completeness and accuracy of actual crash databases. In many crash reporting systems, such as Kansas Accident Reporting System (KARS) database [23] , the UAEU police accident database [33] are lacking essential crash details such as information regarding the airbag deployment. As a result, the effect of airbags on seatbelt effectiveness was not considered in the majority of the studies due to the insufficient availability of data; although airbags can significantly influence the measure of seatbelts effectiveness. Moreover, the deployment of airbag without using the seat belt might increase the injury severity [1] .
In the UAE, nearly all (97%) of the traffic safety experts, interviewed in a study by [34] , indicated that some detailed crash database would be quite useful for their organizations to develop and establish safety policies (51%) and to prioritize safety initiatives (40%). The vehicle safety features, the injury severity score, the nature and type of injury were among the lacking data elements indicated by the experts. Experts commented that seatbelt use data, although exists in current police database, needs to be reviewed and upgraded for better accuracy. Reference [35] on the issue of UAE police data of accident records, indicated that the majority of traffic safety experts (59% of those interviewed in this study) think that the gathered police-type accident information is adequate to deal with traffic safety aspects, while a good portion (30%) have concerns on the adequacy of data.
In conclusion, in order to carry on accurate effectiveness analysis of the seatbelt and airbag deployment, there is imperative necessity to use detailed multi-source data evidence based approach, rather than solely basing the analysis on general aggregate police databases. The measure of seatbelt use and the airbag deployment could be extracted from various sources including the police report (if detailed), vehicle field investigation, patient interviews (if any), and also the injury medical description. Accurate quantitative data can be collected by considering all or part of these sources, which can be used for the purpose of effectiveness analysis. From the literature review, it was noted that the relationship between the use of seatbelt and the potential resulting injury severities of the various body parts was rarely studied. Understanding the specific body partbased effectiveness is rather essential in designing such restraints, especially in the cases of severe and fatal injury crashes. Furthermore, it is not also clear whether the combination of both seatbelt and airbag are effective in reducing the potential severity of the injuries and to what extent. In brief, two research questions are investigated herein:
 Are seatbelts effective in reducing the AIS level of body parts?  Are seatbelts together with the driver's airbags effective in reducing the AIS level of body parts?
The primary objective of this paper is to evaluate the effectiveness of both seatbelt and airbag reducing the risk of death and injury for occupants involved in motor vehicle crashes. This research is achieved through two major steps. In the first step, all motor vehicle crash data for the drivers and passengers (from multiple sources) were used to estimate the effectiveness of seatbelt alone in reducing fatal and sever injuries. In another step, only the drivers' crash data is used to estimate the effectiveness seatbelt with considering airbag. The actual seatbelt usage and the airbag deployment rates (derived from multiple sources; police, field surveys, occupant surveys and medical reports), and the corresponding detailed Abbreviated Injury Scale (AIS) [36] were used.
The overall framework of the study is presented in Fig.  1 . As shown, the study entails two mainlines-one for assessing seatbelt effectiveness in general and another for assessing seatbelt effectiveness together with the airbag condition. The research data from multiple sources of police, field investigation data, passenger interviews and medical records were used to estimate seatbelt usage rates, airbag deployment condition for the various investigated cases, the overall injury severity of crash, and the associated AIS of the various body parts. Additionally, the mean of the maximum AIS, mean of Injury Severity Score (ISS), and the maximum AIS are explored for assessing seatbelt effectiveness with airbag condition.
II. METHODOLOGY
The data collection entails collecting data from multiple sources including the collection of the police records, the field investigation of the vehicle and site, the interviews with crash survivors (drivers and/or occupants) and the use the hospital medical records that entail full detailed description of injuries.
This paper uses data of 463 vehicular crashes (excluding the pedestrian or cyclist crashes) that were reported by the police records entailing fatal or serious injuries, and for which there were enough evidence from site, vehicle and driver/occupant interviews to carry on the detailed crash investigation.
In the study, the analysis is performed using SPSS [37] and the Chi-square test [38] of Independence was used to find out the relation between categorical variables. The Odds Ratio (OR) [39] was applied for testing and quantifying the association between variables and the confidence intervals considering the normal approximation were calculated.
III. RESULTS AND DISCUSSION
This section, divided into three stages, addresses in detail the effectiveness of the seatbelt and the airbag safety measures; particularly as they relate to the reduction of the injury severity. First, overall seatbelt effectiveness is tackled and discussed. Second, the drivers' seatbelt effectiveness with airbag condition is presented. Third, the findings for the research questions are presented. 
A. Seatbelt Effectiveness
Seatbelt usage by occupant, injury severity for seatbelt status, and AIS for seatbelt status are presented in the following sub-sections to discuss the seatbelt effectiveness regardless of the airbag condition. This analysis presented in this section can be used to address the first research question on whether the seatbelts are effective in reducing the AIS levels of body parts.
Seatbelt usage status by occupant: A study by [40] found that only 40.2% of the UAE drivers use seatbelt. The study of [40] was carried out using a self-reporting data collection method in three main cities in the UAE during the year of 2002. Another more recent study by [41] indicated that the percentage of drivers who are frequently not using seatbelts is about 32.5%. A total of 463 cases of vehicular crashes were considered for analysis. The information on the status of seatbelt usage (used/non used) were collected through injured patients interviews, medical reports, vehicles inspection and police reports. Table I (9) 3 (8) 1 (1) 21 (12) 21 (9) 2 (4) 2 3 (8) 32 (24) 11 (14) 12 (9) 13 (14) 23 (17) 54 (52) 38 (29) 12 (18) 3 19 (18) 15 (13) 10 (3) 35 (30) 9 (9) 8 (5) 11 (17) 47 (48) 41 (39) 4 27 (14) - Seatbelt usage status and AIS of body region: Table II demonstrates the severity of injury in different body region by seat belt status. The shaded cells indicate the AIS/body region where the frequencies of not using seat belt were found higher than using it. The majority of severe injuries (AIS of 3+) are particularly related to head, chest and abdomen injuries. The likelihood of head and chest injuries (as represented by the frequencies) are particularly affected by the use of seatbelt; it is clear that the seat belt use would decrease the likelihood of chest and head injuries of AIS of 3+. The number of abdomen injuries with AIS of 4+ is higher without seatbelts as well. The frequencies reported for the various values of maximum AIS (last column) clearly indicate higher likelihood of sustaining AIS of 3+ when the seatbelt is not used.
Estimates of the average (mean) value of the AIS for the various body regions is shown in Table III. This table  shows 
B. Seatbelt Effectiveness with Driver Airbag Condition
In the following sub-sections, the effectiveness of the seatbelt with the driver airbag is evaluated using frequency analysis, injury severity for seatbelt status with airbag deployed, and AIS (head, chest) for seatbelt status with airbag deployed. The analysis presented in this section is utilized to address the second research question on whether the seatbelts together with the driver's airbags are effective in reducing the AIS level of body parts.
Injury severity versus seatbelt status and driver airbag condition:
The conducted analysis in this section is particularly limited to the driver's data (where airbag deployment status can be investigated accurately). The total number of studied cases is 296. It is well known that the front airbag usually deploys for frontal impact, and that it may not provide enough protection in cases of side, rear, or rollover crashes. Table IV illustrates the driver's seatbelt status and driver's airbag condition cross tabulation. It indicates that in 66 cases (22.3%, n=296), the drivers did not use the seatbelt and yet the steering wheel airbags were deployed. This situation could be life-threatening, as it may result in excessive airbag impact force on the drivers without the seatbelt restraints.
The odds of seatbelt not used to seatbelt used in case of airbag deployed or not deployed is (66+37/50+37) =1.18. As evident from this table, it is clear that not using seatbelt will result in higher values of the mean of maximum sustained AIS. For instance, not using seatbelt in case of airbag deployment results in mean max AIS value of 4.86 as compared to 4.54 in the case of used seatbelts. The same is true for the case of airbag not deployed.
The odds of airbag deployed to not deployed in case of seatbelt used or not used is (66+50/37+37) = 1.56 indicating higher likelihood of airbag deployment. As evident from this table, it is clear that the cases of airbag deployment will result in higher values of the mean of maximum sustained AIS. For instance, airbag deployment in case of not using seatbelt results in mean max AIS value of 4.86 as compared to 4.51 in the case of airbag not deployed. The same is true for the case of seatbelt is used.
From the above, it can be concluded that not using seatbelt with airbag deployment is likely to be associated with higher levels of injury. This life threatening situation has a frequency of occurrence equal to 66/296= 0.22.
The minimum safe distance for a protective airbag deployment is around 25 cm. The space between the steering wheel and the driver seat is about 50 cm (without driver) and about 90 cm for the front passenger seat. If the driver is seated, the minimum safe space for airbag deployment might not be maintained, especially for overweight short drivers not wearing seatbelt. Due to the crash impact in cases without seatbelt usage, the driver moves fast towards the steering wheel, reducing the safe minimum space needed for a protective airbag deployment. This explains the increased injury severity in cases of seatbelt not used and deployed airbags. Fig . 3 illustrates the frequencies of the cases in each of the Max AIS categories. This figure is limited to the cases of drivers with deployed airbags only (n=116). It is evident that for Max AIS of 3+, the reported cases without seatbelts are higher than the ones with seatbelt usage. That is, the possibility of sustaining higher injury level is higher for the cases without seatbelt use.
Head and Chest AIS versus seatbelt status and driver airbag condition: In this section, the effectiveness of seatbelt with respective to the airbag deployment is studied for head and chest injuries only. As previously indicated in Table III , the most severe injuries are sustained by the head and chest. The mean of the maximum AIS of these two body parts are particularly influenced by the seatbelt and airbag status. As such, careful examination of such injuries is deemed necessary. According to [1] , the combination of using seatbelt with airbag is 75% and 66% effective in preventing the serious injuries of head and chest, respectively. Excessive claims of effectiveness of such restraints may lead to overemphasizing usage and the negligence of other important aspects and needed policies [31] . Table V shows the frequencies of various AIS injury levels among drivers with various seatbelt and airbag deployment status. The following result statements can be drawn from careful examination of such frequencies:
 In case of seatbelt is not used and airbag is deployed, frequencies of severe to fatal head injuries (AIS=4+) are significantly higher than the case of airbag not deployed.  In case of seatbelt is used and airbag is deployed, frequencies of fatal head injuries (AIS=6) are significantly higher than the case of airbag not deployed.  Minor chest injuries (AIS=2-) are more in case of seatbelt not used and airbag deployed compared to case of airbag non deployment. More severe chest injuries (AIS=3+) are encountered when seatbelt is not used and no airbag deployment; as well as same for seatbelt is used and no airbag deployment.  In case of airbag is deployed, frequencies of severe to fatal head injuries (AIS=4+) are significantly higher in case of seatbelt not used as compared to case of seat belt used. Only minor to moderate chest injuries are encountered, where minor chest injuries (AIS=2&3) are slightly more in case of seatbelt not used as compared to case of seatbelt used.  In case of airbag is not deployed, frequencies of fatal head injuries (AIS=6) are slightly higher in case of seatbelt not used as compared to case of seat belt used. More severe chest injuries (AIS=3+) are encountered in case of seatbelt not used as compared to seatbelt is used. From the above results, it is concluded that frequencies of severe to fatal head injuries (AIS=4+) are higher in case of seatbelt not used compared to seatbelt used. The frequencies of such severe to fatal injuries are highest in case of seatbelt is not used and airbag is deployed. Additionally, Minor chest injuries (AIS=2-) are more in case of airbag deployment compared to case of airbag non deployment regardless of seatbelt status. More severe chest injuries are encountered in case of no airbag deployment regardless of seatbelt status as well.
In general, frequencies of severe to fatal injuries (AIS=4+) are significantly higher in case of airbag deployment compared to non-deployment and Minor chest injuries (AIS=2-) are more in case of airbag deployment compared to case of airbag non deployment.
More severe chest injuries are encountered in case of no airbag deployment. It could be concluded that airbags are effective counter measures in reducing severe chest injuries, but inversely they could contribute to more minor chest injuries and higher chances of severe and fatal head injuries.
C. Best and Worst Seatbelt and Airbag Combinations
For better comprehension of the previous results, Table VI is formed by congregating in the minor (AIS 1-2), moderate (AIS 3-4) and severe/fatal (AIS 5-6) injury groups. Comparative analyses of the groups' frequencies were used to identify the best combinations of seatbelt and airbag for each injury group. Finally, the overall best combinations for head and chest injuries were identified.
The best combination is identified by selecting the combination that results in lesser frequencies of injuries. For instance, with reference to Table VI, for head injuries, and airbag deployed condition, the combination of (seatbelt used) is identified to be "best" for severe and fatal head injuries, as it results in lesser frequencies (25) as compared to (35) if the seatbelt is not used. Similarly, the best combination for moderate chest injuries when airbag is not deployed is the seatbelt used, as it results in lesser frequencies (9) as compared to (13) when the seatbelt is not used. Opposite to the best combination, the worst one is identified by selecting the combination that results in higher frequencies of injuries.
From Table VI , it can be concluded that the seatbelt use generally results in lesser likelihood of head injuries in case of airbag deployment. It results in lesser likelihood of severe head injuries in case of airbag not deployed. Minor to moderate head injuries are likely higher in case of seatbelt use when airbag is not deployed. It also results in lesser likelihood of chest injuries whether the airbag is deployed or not.
IV. CONCLUDING REMARKS
This study provides the analysis of the effectiveness of seatbelts, and the synthesized effectiveness of seatbelts and airbags based on comparing the observed injuries and fatalities for occupants protected by the various systems, although the differences in fatality-and injury-reducing effectiveness can be masked by a multitude of factors not directly related to the airbags or seatbelts systems [5] . For this, the detailed crash database is used to conduct the assessment of the effectiveness of seatbelts and airbags. The data was collected from multiple sources including police records, vehicles and site investigation, crash survivor interviews, and hospital records.
Some previous behaviour studies relied on selfreported seatbelt use [40] , [41] . In these studies, estimates of usage among drivers and occupants were based on self-reported or claimed use rather than whether seatbelts were actually used. In this study, the actual seatbelt use and the airbag deployment were extracted from various sources including the police report, vehicle field investigation, patient interviews (if any), and also the injury medical description. It was found that 49% of the injured drivers and 61.1% of the injured passengers (including rear passengers) did not use seatbelts which is more than reported values in previous studies that are based on self-reported behavior studies data.
This study concluded that the severity of injuries and fatalities by road traffic crash is reduced by using seatbelts, and airbag deployment with seatbelt usage. The results show that for severe crashes (AIS 3+), use of seatbelt reduces the injury severity of AIS head and chest. For minor crashes (AIS 2-), the use of seatbelt increases the injury severity of AIS abdomen. However, use of seatbelt reduces overall maximum AIS severity. Also the results indicated that nearly 57% of the drivers didn't use seatbelt during airbag deployment, which is an alarming issue because airbag deployment without using seatbelt increases the injury severity. Additionally, it is evident that using seatbelt while deploying airbag reduces the overall injury severity score (ISS). For deployed airbag while using seatbelt, the mean ISS is 45.12 compared to 50.65 while not using seatbelt. Also it is concluded that the seatbelt use generally results in lesser likelihood of head injuries in case of airbag deployment. It results in lesser likelihood of severe head injuries in case of airbag not deployed as well. It also results in lesser likelihood of chest injuries whether the airbag is deployed or not.
This study is limited in the sense it is based on investigating severe and fatal crashes only. It should be clear that such detailed data and crash investigation is quite costly, reaching almost few thousands of dollars for each investigated crash. As such, and due to the limitation of resources it was decided to emphasize only severe and fatal crashes. The significances around many estimates are relatively wide given the limited sample size available in the detailed database. Due to such limitation of data availability, it is not possible to define a model for assessing the association between variables. While the study proves that safety of occupant in motor vehicles can be improved using the seatbelts with airbags, further advances in occupant protection will require more data. Evidence resulting from this research can be used to provide a conceptual basis to the planned introduction and adoption of appropriate public policies, improvements in vehicle and restraint design, and adaptation of occupants' attitudes and behavior to further increase the protection of occupants.
